A collection of overlapping cDNA clones encoding the latency transcript of pseudorabies virus and the DNA nucleotide sequence of the latency gene has been obtained. The transcript is spliced with 4.6 kb of intervening sequences. This mRNA, designated the large latency transcript, is 8. Pseudorabies virus (PRV) and herpes simplex virus type 1 (HSV-1) are members of the alphaherpesvirus subfamily (3, 38), and they are quite similar in genomic structure and organization. On the one hand, many gene homologs have been reported between the two viruses; on the other hand, some genes present in HSV-1 are not present in PRV. There are five HSV-1 immediate-early genes (infected cell polypeptide 0 [ICPO], ICP4, ICP22, ICP27, and ICP47) and only one PRV immediate-early gene (IE180). Analysis of the DNA and deduced amino acid sequences showed that HSV-1 ICP4 and PRV IE180 share extensive homology at two specific regions of the polypeptide (7, 8, 50) . Biologically, these two viruses also exhibit many common characteristics, one of which is their ability to establish latency in their respective hosts.
Pseudorabies virus (PRV) and herpes simplex virus type 1 (HSV-1) are members of the alphaherpesvirus subfamily (3, 38) , and they are quite similar in genomic structure and organization. On the one hand, many gene homologs have been reported between the two viruses; on the other hand, some genes present in HSV-1 are not present in PRV. There are five HSV-1 immediate-early genes (infected cell polypeptide 0 [ICPO], ICP4, ICP22, ICP27, and ICP47) and only one PRV immediate-early gene (IE180). Analysis of the DNA and deduced amino acid sequences showed that HSV-1 ICP4 and PRV IE180 share extensive homology at two specific regions of the polypeptide (7, 8, 50) . Biologically, these two viruses also exhibit many common characteristics, one of which is their ability to establish latency in their respective hosts.
PRV can establish a latent infection in swine following a primary infection (4, 11, 39) . The recovered animals do not shed virus; however, periodically, free virus can be reactivated from these carriers spontaneously or after induction with external stimuli (4, 11, 48, 53) . The reactivated virus becomes the source of transmission to other animals. This latency and reactivation process is regarded by most researchers to be an obstacle to the control and eventual eradication of PRV. During herpesvirus latency, the viral DNA persists preferentially in the nervous tissues of the host animal, and gene expression is limited to a restricted region of the virus genome. Viral RNAs known as latency-associated transcripts (LATs) or latency-related RNAs present in latently infected tissues have been reported for HSV (12, 14, 17, 21, 37, 43-45, 51, 52) , bovine herpesvirus (36) , varicellazoster virus (10, 47) , and PRV (6, 22, 23) .
Among the RNAs expressed during latency, HSV-1 is the best-studied system to date. In this report, I have divided these transcripts into two groups as defined below. The HSV-1 LATs, 2 kb or less, are transcribed in the opposite sense with respect to ICPO, and they overlap the 3' end of the ICPO mRNA. They are not polyadenylated at the 3' end, and a protein product encoded by the LATs has not been identified. Recent reports suggested that there may be a polyadenylated 8.5-kb LAT (13, 55) ; however, the exact nature of this transcript has not been fully elucidated. This RNA, designated the large latency transcript (LLT), has been proposed to overlap the entire ICP0 in the opposite orientation but does not overlap ICP4 . It has been suggested that the LATs are stable introns derived from the 8.5-kb LLT.
The LATs of PRV were first localized to the 3' end of the immediate-early gene IE180 (6) , a homolog of HSV-1 ICP4 and not ICPO. They are transcribed in the antiparallel orientation with respect to IE180. Recent reports (22, 33) indicated that PRV LATs are encoded by DNA sequences that extend over 14 kb of the viral genome. Several RNA species (0.95, 2.0, and 5.0 kb) have been reported, and apparently, contradictory results have been obtained regarding the poly(A) nature of the LATs. This work demonstrates the presence of an 8.5-kb PRV-specific poly(A) RNA species in the trigeminal ganglia of a latently infected swine. This RNA, referred to here as PRV LLT and -E restriction fragments in this region. (C) Available genomic DNA nucleotide sequences of three different strains of PRV (InFh, Ka, and Becker) and the location of PRV IE180. The direction of IE180 transcription is indicated by an arrow (leftward), and the poly(A) tail is indicated by a squiggle. Shaded areas represent the coding sequence. (D) Six overlapping cDNA clones. The cDNA library was constructed with total cellular RNAs from the trigeminal ganglia of a latently infected swine. The standard method with oligo(dT) primer was used for cDNA synthesis (18) , and the cDNA was cloned into the lambda gtlO vector system (20) . Nick-translated probes derived from BamHI-P, -J, and -I were used to screen for PRV-specific clones. DNA inserts were excised and subcloned into Bluescript plasmids (Stratagene), and the DNA sequences were determined by the dideoxy-chain termination method (41 (23) and used in a primer extension experiment with oligo(dT)-selected RNAs from 15 ,ug of total trigeminal ganglia RNAs of a latently infected pig. The sample was heat denatured and analyzed on a 6% polyacrylamide sequencing gel. The gel was dried and exposed to X-ray film for 2 weeks at -80°C. The size of the product was determined from a known sequencing ladder. rolidone). The blots were washed at 60°C with SSC solutions (2x, 1x, and 0.lx SSC) for 1 h each.
Primer extension. The reaction (50 ,ul) was carried out at 42°C for 30 min in the presence of 50 mM Tris-HCl (pH 7.6), 70 mM KCI, 10 mM MgCl2, 1 mM each deoxynucleoside triphosphate, 4 mM dithiothreitol, 25 U of RNase inhibitor, and 50 U of avian myeloblastosis virus reverse transcriptase as described previously (2) .
Nucleotide sequence accession numbers. The DNA sequence data in this report have been submitted to the GenBank data base under accession numbers M57505 (PRV LLT) and M57504 (EPO). RESULTS cDNA libraries. Oligo(dT) was used to prime total cellular RNAs isolated from the trigeminal ganglia of swine previously shown to be latently infected with PRV-Becker (6) . A cDNA library in the lambda gtlO vector system (20) was constructed. To ensure that this cDNA library contained clones derived from PRV transcripts expressed during latency and not during a productive infection, this library was analyzed in parallel with a second oligo(dT)-primed cDNA library constructed with oligo(dT)-selected RNAs (1, 9) isolated from Madin-Darby bovine kidney tissue culture cells infected with PRV-InFh (32 1D ). They covered the entire length of an 8.4-kb RNA, with one of the clones (TL16) carrying a poly(A) tail of 14 A residues. Northern (RNA) blot analysis showed that a very low abundance RNA species of 8.5 kb could also be detected in the trigeminal ganglia of a pig latently infected with PRV-Becker (Fig. 2) . To distinguish this polyadenylated 8.5-kb transcript from the smaller, nonpolyadenylated LATs (see Discussion), it is designated the LLT.
Genome organization and RNA splicing. In the initial characterization of cDNA clones LP1 and LP8, Southern blot experiments (42) showed that the insert DNAs hybridized to two discontinuous regions of the PRV-InFh genome: BamHI-P and the right end portion of BamHI-J (data not shown). To ensure that the joining of these two noncontiguous DNA sequences in LP1 and LP8 was the result of RNA splicing and not DNA rearrangement, the PRV-Becker genome was examined and compared with the PRV-InFh genome. Restriction enzyme digestion with BamHI showed similar DNA fragments (Fig. 3A) . Southern blot analysis with cloned PRV-InFh BamHI-G, -P, and -J probes showed similar results (Fig. 3B) The nucleotide sequences of LP1 and LP8 were determined and compared with the known DNA sequences of PRV-InFh, the Ka strain of PRV (PRV-Ka), and PRVBecker (7, 8, 49, 50) . It was evident that LP1 and LP8 were derived from spliced RNAs. The intron boundaries are flanked by the consensus dinucleotides (5'-GT----AG-3') at the donor and acceptor sites of the splice junction (Fig. 1F ).
Further analysis showed that LP1 contains DNA sequences close to the 5' end of the transcript (see Fig. 6 Fig. 6 ). The transcription initiation site of LLT was determined by primer extension with a 19-mer oligonucleotide (5'-TCTTCTATGGCTGAGGGAG-3') complementary to the DNA nucleotides from 150 to 132. The extended product was 117 nucleotides (Fig. 4) TATATA sequence present in the BamHI-G fragment ( Fig.   1E and Fig. 6 ). A smaller primer extension product was also observed 57 nucleotides 3' of this TATATA sequence (Fig. 4) . Since this product extended past the TATA sequence at nucleotide 180 ( Fig. 6) , it is considered an incomplete product that failed to reach 117 nucleotides in the reaction.
The LLT 3' terminus was determined from cDNA clone TL16, which contains 14 A bases after nucleotide 13061 in the BamHI-E fragment of the PRV-Ka genome (Fig. 1E ). DNA sequence analysis on both PRV-Becker genomic and cDNA clones showed that a consensus polyadenylation signal (AATAAA) was present 27 nucleotides upstream of the actual poly(A) addition site. The PRV-specific sequence present in TL16 and PRV-Becker BamHI-E was further examined by restriction enzyme analysis. Becker-27 is a KpnI-E genomic clone that contains part of BamHI-J, all of BamHI-I, and a portion of BamHI-E (Fig. 1B) . The BamHI-E-specific sequences were excised from Becker-27 and TL16
with BamHI and KpnI and analyzed with additional restriction enzymes. The results showed that DNA fragments of identical size could be generated from both the genomic and cDNA clones ( Minor variations between the composite prototype and PRV-Becker DNA sequences that have been determined include four single base changes (three of which resulted in amino acid residue changes), two three-nucleotide deletions (one in ORF-2 at nucleotide 1613 and one in the 3' noncoding region at nucleotide 8374), and a six-nucleotide insertion in the 5' noncoding region at nucleotide 283. The mRNA splice junction occurs after nucleotide 1510. The polyadenylation signal AATAAA is located at nucleotide 8382, and the poly(A) addition site is after nucleotide 8408. Another AATAAA sequence was also noted at nucleotide 1978 of PRV-InFh and -Becker, but this sequence has mutated to AACAAA in the PRV-Ka genome (7-9, 49, 50) . On the basis of this information and the data compiled from the cDNA clones, it was concluded that this AATAAA sequence did not function as a polyadenylation signal for the synthesis of PRV LLT.
At the 5' end of LLT, three AUG codons at nucleotides 428, 622, and 651 (one in each of the three ORFs) could yield a potential polypeptide of 17, 200, and 15-kDa, respectively (Fig. 6) . Although the initiation codon at nucleotide 622 is the third one encountered from the 5' end (the first two at nucleotides 428 and 434 are in the same ORF), this ORF-2 arrangement confers on PRV LLT the general features that best resemble a conventional eukaryotic mRNA. With ORF-2, the 5' and 3' noncoding regions of LLT are 621 and 1,940 nucleotides, respectively. The ORF-2 deduced amino acid sequence is presented because homology was detected in the amino acid sequence of the predicted HSV-1 LLT (see below).
ORF-2, from nucleotides 622 to 6495, is capable of encoding a predicted 1,958-amino-acid polypeptide of 200 kDa.
Nucleotide variations between PRV-InFh and -Becker that resulted in amino acid residue changes occurred at residues 160, 216, and 254. The deleted codon of PRV-Becker at nucleotide 1613 resulted in one less histidine residue among a series of six (residues 330 to 335). This cluster of histidine residues is one of three clusters present in this region of the molecule; the other two clusters occur at residues 363 and 381. A highly acidic region is noted from residues 547 to 573. Toward the 3' end, from residues 1830 to 1840 there is a cysteine-rich region Cys-X2-Cys-X3-Cys-X2-Cys, where X can be any amino acid residue. This sequence arrangement resembles the zinc finger motif of many nucleic acid-binding proteins (5) .
Localization of EPO. The cDNA library constructed in the lambda ZapIl vector system with RNAs isolated from Madin-Darby bovine kidney cells infected with PRV-InFh was screened with nick-translated (35), cloned PRV-InFh BamHI-P, -J, or -I DNA or LP8 cloned DNA (Fig. 1) . Several independent cDNA clones with poly(A) tails were identified with BamHI-P or LP8 cloned DNA. The clone with the largest EPO DNA insert was Zap28. The nucleotide sequence of Zap28 was determined and aligned with the genomic sequence (Fig. 1G) . In Zap28, a poly(A) track was observed 26 nucleotides downstream from a polyadenylation signal (AATAAA), which indicates that EPO is transcribed in the same orientation as IE180 but in the opposite polarity with respect to PRV LLT. Zap28 starts at nucleotide 1633, 2 nucleotides short of the proposed initiation codon, and ends with 18 A nucleotides. A   1 GGATCCGCAGCGCCGCTTTCAGACCCAGGAGCCGTCGACCCACCGCGGGAGGGC  55 CCGCTTCCCACGACGGCGCGCCCGGGCCATCGTCCCGGGACGGCCCGAGGGGGC  109 GGGGGGAGCCCCGACGGGGCGGGCGGAAGGGGGCGTGGACGCCCCGGGCGAAGA  163 CAAACAAAGGGGCCGGGCACCCGGTTAAAAAACGGGGCCCTCGACACC   ATG GGC   1  I  G  217 TGC ACG GTC TCT CGG AGA CGG ACG ACC ACC GCC GAG GCT TCC AGC GCC TGG GGG  3  C   T  V  S  R  R  R  T  T  T  A  e  A  S  S  A  W  G  271 ATC TTT GGC TTC TAC CGC CCC AGA AGC CCC TCG CCA CCG CCG CAG CGC CTG TCA  21 
325 CTG CCA CTC ACC GTC ATG GAC TGC CCC ATC TGC CTG GAC GTC GCG GCC ACC GAG 39
487 CAC CAC GTG GAC AGC GAC GCT TCG TTT GTG GAG ACG CCC GTG GAG GGG GCG ACG 93
865 ATA TCG GCG CAG TGG ATG CGG CGG ATG CAG AGG CGA GCC CCG ATG AGC CAC CAG 219
919 GGT GTG AAC TAT ATC GAC ACG TCC GAG TCC GAG GCA CAC TCT GAC TCT GAG GTG 237
1027 GAT CTG ACG GAG GCC TCC GAG TCC GCG GAC GAC CAG AGG CCG GCG CCC AGG CGC 273
GCC GGC CCG GGG TCG GCG AAC ACC GCC GCT TCG GCT CGC TCC TCC CCC TCG TCT
1297 TCA CCC TCC TCC TCG ATG CGG CGC CCG TCG CCC TCT GCC TCT GCC CCC GAG ACC 363
GCT ACC ATC TTC ATC GAC CTC ACC CAG GAC GAC GAC TGA GCTCCCTCTTCCTCG (31) . In addition to the zinc finger motif, EPO, gene 61, and ICPO share many identical amino acid residues in the same restricted region of the polypeptides (Fig. 8B) (41) . The first six nucleotides of this sequence constitute a BamnHI restriction site, which is located between BamHl-P and BamHI-J in Fig. 1 three classes. (i) Immediate-early genes are expressed without de novo protein synthesis, and protein synthesis can be blocked by the addition of an inhibitor such as cycloheximide; (ii) early genes are expressed before viral DNA synthesis, and DNA synthesis can be inhibited by the addition of DNA polymerase inhibitor such as phosphonoacetic acid (PAA); and (iii) late genes are expressed after viral protein synthesis and DNA replication. To determine the time of EPO mRNA expression during the replicative cycle, oligo(dT)-selected RNAs isolated from cycloheximide-treated, PAA-treated, or nontreated cultures were probed with nick-translated BamHI-P fragments in Northern blot experiments (Fig. 9) . A 1.75-kb mRNA was detected starting at 2 h postinfection (Fig. 9B) . This RNA was not synthesized in the presence of cycloheximide or inhibited by PAA at 4 h postinfection. The results indicated that EPO is an early gene. Identical results have been obtained with PRVBecker-infected cultures probed with the BamHI-P fragment or an 18-mer oligonucleotide (5'-GGTGCTCGTCAGGGTC CA-3') complementary to the mRNA at nucleotides 1399 to 1416 (data not shown).
Comparative analysis of the PRV and HSV-1 LLTs. Figure  10 is a schematic diagram illustrating the transcription activities of PRV and HSV-1 during a latent or productive infection. The spatial arrangements of PRV LLT, EPO, and IE180 are very similar to those of HSV-1 LLT, ICPO, and ICP4. Since conserved protein domains are present in respective homologous proteins (ICPO versus EPO and ICP4 versus IE180), it is expected that they exhibit similar biochemical functions. One would also predict that the protein products of PRV LLT and HSV-1 LLT share some common protein domains. To examine this possibility, all three frames of the HSV-1 DNA sequence from nucleotides 118000 to 132000 (24, 25) were translated. The sequence of each of these translation products was compared with the deduced amino acid sequence of PRV LLT ORF-2. Striking homologous sequences, 39% amino acid residue identity, were detected over a stretch of 400 amino acid residues between the deduced PRV LLT polypeptide and one of the deduced translation products of HSV-1 LLT (Fig. 11) . The conserved protein domains are similarly located in their respective LLTs, which are complementary to the conserved region 4 of ICP4 and IE180. Homologous amino acid sequences were not observed in the vicinity complementary to the zinc finger region of EPO and ICPO or the conserved region 2 of IE180 and ICP4. Thus, the homologous protein domain presented in Fig. 11 appeared to be specific. The data suggest that HSV-1 LLT extends from the currently proposed 3' end (13, 55) and overlaps ICP4 in the antiparallel orientation indicated in Fig. 10 
